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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTIONS 

The present invention relates to a group IXI-V 
5 compound semloonductor light emitting device including 
nitrogen as a major component , and a method for producing 
the same . 

2* DESCRIPTION OF THE RELATED ART: 

10 Recently, a high -luminance blue light emitting 

diode made of a GaN compound oemioonductor has been put 
into practice, and a blue laser diode has been vigorously 
developed. Group Ill-v nitride compound semiconductore 
attract much attention aa a material for such light 

15 emitting devices. 

Conventionally^ a nitride semiconductor is grown 
using hydride vapor phase epitaxy (hereinafter referred 
to as HVPE), metal organic chemical vapor deposition 
20 (hereinafter referred to as MOCVD), molecular beam 
epitaxy (hereinafter referred to as MBE), or the like* 

In the case of group III-V nitride compound 
semiconductors, it is considerably difficult to produce 
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bulk crystal. It is therefore aonsiderably fllfflcult to 
obtain a group III-V nitride aompound semiconductor 
substrate on which a group III-V nitride compound 
semiconductor device is grown. For this reason^ a 
5 sapphire substrate is typically employed. However, a 
great level of lattice mismatch occurs between GaN (a 
group II I -V nitride compound semiconductor) and a 
sapphire substrate, e,g., a defect of 10* to 10"/cm^ is 
present in a GaN film after growth. Such a defect affects 

10 the light output or life of a device. To avoid this, GaN 
is selectively grown to produce a pseudo GaN substrate 
which is a thick film GaN having a reduced defect* By 
using such a substrate^ a laser device capable of 
room- temperature continuous -wave operation can be 

15 realized^ 

In addition to defects, residual impurities have 
an adverse effect on a compound semiconductor light 
emitting device. The characteristics and the life span 
20 of an arsenic-based or phosphorus -hased compound 
semiconductor device are greatly affected by oxygen or 
carbon atoms contained in the device. Therefore, various 
attempts have been made to remove such residual 
impurities . 
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A residual impurity that causes a problem with a 
group Ill-V nitride oompouncl semiconductor light emitting 
device, is hydrogen. When a nitride compound 
5 semiconductor device is grown by the above -described 
methods < organic metals and ammonia are used as materials 
of the device. Further, hydrogen or hydride (e.g,, 
hydrogen chloride) is used as a carrier gas, 

10 Therefore, residual hydrogen atoms may be present 

in a growing film of a nitride compound semiconductor. 
Particularly, when a p-type layer essential for a nitride 
compound semiconductor light emittiiag device is grown, 
hydrogen atoms are likely to remain in the p-type layer, 

15 This is because a hydrogen atom is likely to bind to an 
Mg atom, a Zn atom, or the like which is a dopant for the 
p-type layer- For example, Appl. Phys. Lett., Vol, 72 
(1998), p* 1748, describes that the residual hydrogen 
concentration of a growth film of a nitrogen compound 

20 semiconductor deposited by MOCVD is 2 to 3xlO" atottis/cm^ 
where the Mg concentration is 2 to 3xl0^* atoms/cm^, and 
the residual hydrogen concentration increases with an 
increase in the Mg concentration. 
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When a hydrogen atom and a p-type dopant suoh as 
Mg or Zn bind together^ the activity of the dopant Is 
hindered/ thereby creating a highly resistant p-type 
layer ♦ 

5 

Japanese Patent No, 2540791 discloses a known 
technology for preventing a p-type layer from being caused 
to be highly resistant due to hydrogen atoms* In the 
technology of Japanese Patent No, 2540791, after growing 

10 a group III-V nitride compound semiconductor doped with 
p«type impurities, annealing is conducted at a 
temperature of 400^0 or more in an atmosphere not 
containing hydrogen. The annealing allows hydrogen 
atoms to be removed from the group III-V nitride compound 

15 semiconductor doped with the p-type impurities^ thereby 
obtaining a p-type group III-V nitride compound 
semiconductor having a low level of resistance. 

Hydrogen atoms cannot be sufficiently removed 
20 from a p-type layer only by annealing in an atmosphere 
not containing hydrogen as disclosed in Japanese Patent 
No. 2540791. Therefore, there is a problem with the 
technology disclosed in Japanese Patent No. 2540791 in 
that residual hydrogen atoms in the p-type layer hinder 
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activation of tHe p-type impurities, and also cause a 
reduction in the life span of the device. This is because 
the residual hydrogen atoms are gradually diffused due 
to the passage of electric current and therefore an active 
5 layer is deteriorated. Japanese Patent No* 2540791 does 
not disclose the atmosphere which Is used In the growth 
of the p-type layer. 

Further, when the active layer contains In atoms, 
10 Mg and In atoms, as well as hydrogen atoms, are diffused. 
Especially when the active layer has a thin film quantum 
well structure, the diffusion of both Mg and In causes 
considerable deterioration in the active layer- 

15 Furthermore^ when the residual hydrogen 

concentration of an n-type layer is high, the resistance 
of the n-type layer is also great, thereby deteriorating 
device characteristics. 

20 SUMMARY OF THE INVENTION 

According to one aspect of the present invention^ 
a semiconductor light emitting device comprises: a 
substrate; an n-type layer provided on the substrate and 
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made of a nitride semiconductor material; a multiple 
quantum well structure active layer including a plurality 
of well layers each made of In^Ga^i.^.yjAlyN {Osx, 0^, x+y<l) 
and a plurality of barrier layers each made of In^Gaji. 
5 a.^jAl^N (0*3, Q^t, a+t<l), the multiple quantum well 
structure active layer being provided on the n-type layer: 
and a p-type layer provided on the multiple quantum well 
structure active layer and made of a nitride semiconductor 
material- The p-^type layer contains hydrogen, and the 
10 hydrogen concentration of the p-type layer is greater than 
or equal to about IxlO" atoms/cm^ and less than or equal 
to about IKIO" atoms/cm^. 



In one embodiment of this invention, the p-type 
15 layer contains Mg, and the Mg concentration of the p- 
type layer is greater than or equal to about 
4x10^* atoms/cm^ and less than or equal to about 
ixio*^ atoms /om^. 



20 In one embodiment of this invention, the 

semiconductor light emitting device further comprises a 
p-type electrode for applying a voltage via the p-type 
layer to the multiple quantum well structure active layer. 
The p-type electrode contains atoms selected from the 
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group consisting of Pd, So, Y, La, Ce, Pr, Nd, Sm, Eu, 
Tb, Ti, Zr, Hf , V, Nb and Ta. 

In one eiabodlment of this invention, the hydrogen 
5 concentration of the n-type layer is less than or equal 
to ixio^'^ atoms/cm'. 



In one embodiment of this invention^ the 
semiconductor light emitting device further comprises a 
10 layer including Al, wherein the p-type layer is provided, 
via the layer including Al, on the multiple quantum well 
structure active layer. 



In one embodiment of this invention, the layer 
15 including Al has a thicknesiSf of about 5 nm or more. 

According to another aspect of the present 
invention, a method for producing a semioonduotor light 
emitting device, oomprises the steps of : growing a nitride 
20 semiconductor material on a substrate to form an n-type 
layer? forming a multiple quantum well structure active 
layer including a plurality of well layers each made of 
In«Ga(i-«-y)AlyN (0:sx, Oasy, x+y<i) and a plurality of barrier 
layers each made of In^Ga^j^.^.^-jAl^N {Os;s, Oast, s+t<l), the 
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multiple quantum well structure active layer being 
provided on the n-type layer; and growing a nitride 
semiconductor material on the multiple quantum well 
structure active layer to form a p-type layer. The step 
5 of growing the p-type layer Includes the step of growing 
a nitride semiconductor material in an atmosphere not 
containing hydrogen gas while keeping a temperature of 
the substrate at a first growth temperature - 

10 In one embodiment o£ this invention, the step of 

forming the p-type layer further includes the step of 
lowering the temperature of the substrate from the first 
growth temperature to about 400*^0 in the atmosphere not 
containing hydrogen gas after the step of growing the 

15 nitride semiconductor material in the atmosphere not 
containing hydrogen gas* 

Thus, the invention described herein makes 
possible the advantage of providing a semiconductor 
20 device having a long life. 

These and other advantages of the present 
invention will become apparent to those skilled in the 
art upon reading and understanding the following detailed 



- 9 - 



00R00651 



description with reference to the accompanying figures, 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figure 1 is a cross-sectional view illustrating 

an LED device 1 accorcXing to Exajftiple 1 of the present 
invention * 

Figure 2 is a graph showing the Mg and hydrogen 
10 concentrations of the LED device l measured using SIMS, 

Figure 3 is a graph showing a result of an aging 
test for the LED device 1 of Example 1 and LED devices 
Of Comparative Examples l through 3, 

15 

Figures 4(a) through 4(d) are graphs showing SIMS 
profiles of the vicinity of the active layers of the LED 
devices of Example 1 and Comparative Examples 1 through 
3 before aging* 

20 

Figures 4(e) through 4(h) are graphs showing SIMS 
profiles of the vicinity of the active layers of the LED 
devices of Example 1 and Comparative Examples 1 through 
3 after a 1000-hour aging test. 
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Figure 5 Is a graph showing the relative luminance 
of LED devices after a, 1000-hour aging test with respect 
to the hydrogen concentration of a p-type contact layer 15 
5 of Figure 1. 

Figure 6 is a oross-sectional view illustrating 
an LED device 601 according to Bxample 2 of the present 
invention, 

10 

Figure 7 is a graph showing the relative luminance 
of LED devices after a 1000 -hour aging test with respect 
to the thickness of one well latyer In an active layer 42 
of Figure 2. 

15 

Figure 8 is a cross-^sectional view illustrating 
an LD device 801 according to Example 3 of the present 
invention. 

20 Figure 9 is a graph showing a variation in a 

threshold current with respect to aging time. 

Figure 10 is a graph showing the life of the LD 
device 801 with respect to the hydrogen concentration of 
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a p-type contact layer 30 of Figure 8* 

Figure 11 is a graph showing the li£a of th© LD 
advice 801 with respect to the Mg concentration of a 
p-type layer. 

Figure 12 is a cros^-eectional view illustrciting 
an LD <aevice 1201 according to Example 4 of the present 
invention* 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be 
described by way of illustrative examples with reference 
to the accompanying drawings 

( Example 1 } 

An exemplary light emitting diode (LED) according 
to Example 1 of the present invention will be described 
below . 

Figure 1 is a cross -sectional view illustrating 
an LED device 1 according to Example 1 of the present 
invention. The LED device 1 was produced using the 
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following procedure. 

On a sapphire substrate 10 (0001-plane) , an AIN 
buffer layer 11 was grown at a substrate temperature of 
5 about 550°c, and an n-type GaNtSl contact layer 12 having 
a thickness of about 5 (im was grown at a substrate 
temperature of about llOO^'C, both by atmospherio pressure 
MOCVD. The term "GaN:Sl* herein means *GaN doped with 
Si*. In this growth, the V/III ratio was about 2000. Up 
10 to this growth step, both the carrier gas and the bubbling 
ga» for an organic metal were hydrogen gas , 

Thereafter, the substrate temperature was 
lowered to about TSO^'C. The carrier gae and the bubbling 

15 gas for the organic metal were changed to nitrogen gas. 
A multiple quantum well structure active layer 13 was 
grown under a condition where the oxygen partial pressure 
of gas inside a reaction furnace was about 0*7 Torr. in 
this case, the multiple quantum well structure active 

20 layer 13 is composed of five alternate layerlnge of an 
InQ,3sGao,esN:Si well layer (about 2 nm thick) and a GaN:Sl 
barrier layer (about 4 nm thick). At substantially the 
same temperature, an Alo^jGao.^N :Mg ant i -evaporation 
layer 14 having a thickness of 20 nm was grown- 
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Tnereafter, the substrate temperature was Increased to 
about lOSO^'C, and a p-type GaNtMg contact Xayer 15 having 
a thickness of about 0*3 \xm was grown ♦ Thus, the step 
of forming the p-type contact layer 15 (p-type layer) 
5 included growing a nitride semiconductor material in an 
atmosphere not containing hydrogen gas while keeping the 
substrate temperature at about lOBO'^C (first growth 
temperature) • Note that the carrier gas and the bubbling 
gas for an organic metal may be an inert gas of argon, 
10 helium, or the like, other than hydrogen. 



After the above-described light emitting device 
structure had been provided on the sapphire substrate 10, 
the substrate temperature was lowered while the carrier 

15 gas was still nitrogen gas. Thus, after the production 
of the p-type contact layer 15, the temperature of the 
sapphire substrate 10 was lowered from about loso^'c to 
about 400''C in the atmosphere not containing hydrogen gas. 
However, the sapphire substrate 10 is not necessarily 

20 cooled to room temperature in the atmosphere not 
containing hydrogen gas. The atmosphere may contain 
hydrogen gas after the substrate temperature is lowered 
to about 400^*0 • 
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The wafer having the grown device structure was 
split into two pieces . One of the two pieces was subjected 
to a SIMS measurement described later. The other piece 
was subjected to subsequent processes as follows. The 
other piece of the wafer was subjected to etching so that 
part of the n-type contact layer 12 was exposed. An 
n-type Au/Mo electrode 16 was formed on the exposed 
surface of the n«type contact layer 12, A p-type Au/Ki 
electrode 17 was formed on a surface of the p-type contact 
layer 15, Thus, completing the LED 1. The term "Au/Mo 
electrode'' means that the electrode is composed of 
multiple layers of Au and Mo. 

The LED device 1 emitted light having a wavelength 
of about 470 nm with a luminance of about 3 cd at a driving 
current of about 20 mA. In this case, an operating 
voltage was about 3.3 V. A driving current of about 20 mA 
was passed through the LED device 1 for about 1000 hours 
at room temperature. Substantially no change was found 
in the wavelength and luminance of light emitted by the 
LED device 1 and in the operating voltage of the LED 
device 1 after such a 1000 -hour test. Thus, a long-life 
LED device is realized. 



" 15 



0OR00651 



AS shown in Figure 1, the LED device 1 
(semioonduotor light emitting device) of the present 
invention includes: a sapphire substrate 10 (substrate) ; 
an n-tYpeGaN:Si (nitride semioonduator ) contact layer 12 
(n-type layer) provided via a buffer layer ii on the 
sapphire substrate 10 j a multiple quantum well structure 
active layer 13 provided on the n-type contact layer; and 
a p-type GaN (nitride semiconduator) contact layer 15 
(p-type layer) provided via the anti- evaporation layer 14 
on the multiple quanttun well structure active layer 13. 

The Mg and hydrogen concentrations of the LED 
device 1 were measured by SIMS (Secondary Ion Mass 
Spectrometry). Note that such a SIMS measurement was 
conducted for the one piece of the split wafer. 

Figure a shows the Mg and hydrogen concentrations 
of the LED device 1 measured using the SIMS. The Mg and 
hydrogen concentrations of the p-type contact layer 15 
were about 7xlo" atoms/em' and about 2x10" atoma/cm^ 
respectively. The hydrogen concentration of the n-type 
contact layer 12 was less than or equal to about 
Ixio" atoms /cm' which is the limit of detection. The 
hydrogen concentration of the p-type contact layer 15 is 
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preferably greater tHan or equal to about ixio" atoms/cm^ 
and less than or equal to about IxlO" atoms/cm^ in order 
to achieve a long-life LED device. Further, the Mg 
concentration of the p-type contact layer 15 is 
preferably greater than or equal to about 4x10^^ atoms/cm^ 
and less than or equal to about ixio" atoms/cm^- A high 
Mg concentration of the p-type contact layer 15 leads to 
a high hydrogen concentration thereof, and therefore is 
not preferable. 

In Example 1, the oxygen partial pressure of the 
gas inside the reaction furnace was about 0 . 7 Torr upon 
the growth of the p-type contact layer 15. As the amount 
of oxygen in the gas Inside the reaction furnace was 
increased, the hydrogen concentration of the p-type 
contact layer 15 was decreased. It is believed that such 
a decrease is caused by the removal of hydrogen atoms 
(residual hydrogen atoms) in the p-type contact layer 15 
due to the union of oxygen and hydrogen. Therefore, the 
hydrogen concentration of the p-type contact layer 15 can 
be controlled by adjusting the oxygen concentration of 
the gas inside the reaction furnace. It was found that 
if the oxygen partial pressure percentage of the total 
pressure of the gas inside the reaction furnace is greater 
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than or equal to about 0 , 00001% { i . e about 7 . 6x10"^ Torr 
or more) and less than or equal to about 1% {7.6 Torr or 
less), the hydrogen conGentration o£ the p-type contact 
layer 15 is less than or equal to 4x10^* atoms /cm^. 
5 Alternatively, in place of or in addition to adjusting 
the oxygen (Oj) concentration, the hydrogen concentration 
of the p-type contact layer 15 may be controlled by 
adjusting the concentration of at least one of bromine, 
chloride, ozone, CO, CO^, NO and NOj in the gas inside the 
10 reaction furnace in combination with the concentration 
of oxygen * 



As Comparative Example 1, an LED device was 
produced using the same growth procedure as described 

15 above except that the active layer 13 was composed of a 
single Inp.ajGao^eaNjSi layer (about 20 nm thick). The LED 
device of Comparative Example 1 was measured using the 
SIMS. As a result, the p-type contact layer of the led 
device of Comparative Example 1 had an Mg concentration 

20 ^ of about 7x10" atoms/cm* and a hydrogen concentration of 
about 2x10^' atoms/em^, and a SIMS profile similar to that 
shown in Figure 2 was obtained. The LED device of 
Comparative Example 1 emitted light having a wavelength 
of about 470 nm with a luminance of about 1.5 cd at a 
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driving current of about 20 mA. In this case, the 
Operating voltage was about 3.3 V. 

As Comparative Example 2, an LED device was 
produced where the same growth procedure as described 
above was used until the growth of the multiple Quantum 
well structure active layer 13, and thexreafter the 
carrier gaa and the bubbling gas for an organic metal were 
changed to hydrogen gas, an Aloa^^o.9^ *Mg anti-evaporation 
layer 14 having a thickness o£ about 20 nm and a p-type 
contact layer 15 having a thickness of about 0,3 ]xm were 
grown, and after growth of the complete device structure, 
the substrate temperature was lowered where the carrier 
gas was still hydrogen gas as conventional. If the device 
is not subjected to thermal annealing, the p-type contact 
layer 15 remains highly resistant. Thereifore, the 
device of Comparative Example 2 was subjected to thermal 
annealing for about 20 minutes at about 800**C in a nitrogen 
atmosphere so that the resistance of the p-type contact 
layer 15 was lowered. 

After the thermal annealing, the LED device of 
Comparative Example 2 was measuraa using the SIMS. As 
a result, the p-type contact layer 15 of the LED device 
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of Comparative Example 2 had an Mg concentration at al5out 
7x10^' atoms/cm^ and a hydrogen concentration of ahout 
6x10^° atoms/cm^. The LED device of Comparative Example 2 
emitted light having a wavelength of about 470 nm with 
a luminance of about 2.6 od at a driving current of about 
20 mA, In this case, the operating voltage was about 
3-7 V, 

Further, as Comparative Example 3, an LED device 
was produced using the same growth procedure as described 
in Comparative Example 2 except that the active layer 13 
was composed of a single Ino.asGaa.BsNsSi layer (about 20 nm 
thick) . After the thermal annealing^ the LED device of 
Comparative Example 3 was measured using the SIMS, As 
a result, the p-type contact layer 15 o£ the LED device 
of Comparative Example 3 had an Mg concentration of about 
7x10^' atoms /cm' and a hydrogen concentration of about 
6x10^" atoms/cm^. The LED device of Comparative Example 3 
emitted light having a wavelength of about 470 nm with 
a luminance of about 1.2 dd at a driving current of about 
20 mA. In this case, the operating voltage was about 
3.7 v. 

Figure 3 shows a result of an aging test for the 
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LED device 1 of Example 1 and the LED devices of 
Comparative Examples 1 through 3 . The luminance of the 
LED device of Comparative Example 2 was considerably 
lowered after 1000 -hour aging. For the LED device of 
5 Comparative Example 1 having the single active layer, the 
luminance was lowered after 1000-hour aging- In contrast, 
the luminance of the LED device 1 of Example 1 was not 
lowered after lOOO-hour aging, i^e, , the LED device 1 has 
a long life. Comparing Example 1 with Comparative 
10 Example 1, the life elongation effect of an LED device 
due to a reduction in the hydrogen concentration of the 
p-type contact layer 15 was great when the LED device had 
a multiple quantum well structure active layer, 



15 Figures 4(a) through 4(d) show SIMS profiles of 

the vicinity of the active layers of the LED devices of 
Example 1 and Comparative Examples 1 through 3 before 
aging- Figures 4(e} through 4(li) show SIMS profiles of 
the vicinity of the active layers of the LED devices of 

20 Example 1 and Comparative Examples 1 through 3 after 
lOOO^hour aging* In each of Figures 4(a), 4(0), 4(e) and 
4(g) ^ the peaks of In concentration correspond to the well 
layers of the multiple quantum well structure active layer, 
and the valleys of In concentration correspond to the 
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barrier layers of the multiple quantum well structure 
active layer. As can be seen from Figures 4(a) and 4(g) , 
in the LED device of Comparative Example 2, In atoms in 
the well layers of the multiple quantum well structure 
5 active layer were diffused Into the barrier layere . As 
can be gteen from Figures 4(a) and 4(e), the diffusion 
phenomenon o£ the In atoms of the well layers into the 
barrier layers did not occur in the led device 1 of 
Example 1 * 

10 

Figure S shows the relative luminance of the LED 
devices after 1000-hour aging with respect to the hydrogen 
concentration of the p-type Contact layer 15. The 
relative luminance is represented by a relative value 

15 where the liominanoe at the initial period of the aging 
test is regarded as 100. In each of the LED devices, the 
n-type electrode 16 was made of Au/Mo^ and the p-type 
electrode 17 was made of Au/Pd or Au/Ni, As oan be seen 
from Figure 5, when the p-type electrode 17 was made of 

20 Au/Pd, if the hydrogen concentration of the p-type contact 
layer 15 was less than or equal to about Ixio" atoms/cm^ ^ 
the luminance of the LED devices was not lowered even after 
1000 -hour aging* Further ^ when the p-type electrode 17 
was made of Au/Ni, if the hydrogen concentration of the 
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p-type contact layer 15 was less than or equal to about 
4x10^^ atoms/cm^, the luminance of the LED devices was not 
lowered even after lOOC-hour aging. 

5 As deeorlhed atoove, the p-type electrode 17 Is 

preferably made of Au/Pd • ThlB la because Pd is a hydrogen 
storage metal, specifically, hydrogen atoms (residual 
hydrogen atoms) in the p-type contact layer 15 are 
absorbed by the p-type electrode 17, thereby preventing 

10 the residual hydrogen atoms from being diffused into the 
multiple quantum well structure active layer 13, 
Examples of known hydrogen storage metals Include Pd, Sc, 
Y, La, Ce, Pr, Nd, Sm, Eu, Tb, Ti, Zr, Hf , V, Nb and Ta- 
That is, if the p-type electrode 17 includes a hydrogen 

15 storage metal, the p-type electrode 17 can absorb the 
residual hydrogen atoms. The p-type electrode 17 may 
have a multi-layer structure including a hydrogen storage 
metal* Alternatively, the p-type electrode 17 may be 
made of an intermetallic compound including a hydrogen 

20 storage metal. 

For the purpose of evaluating the influence of the 
hydrogen concentration of the n-type contact layer on the 
life of an LED device, the LED device of the present 
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invention was produced in the following way* An AIN 
buffer layer 11 and an n-type GaNsSi contact layer 12 were 
grown on a sapphire substrate 10 {OOOl -plane) where the 
oxygen partial pressure of the gas inside the reaction 
5 furnace was about 10 Torr (the hydrogen concentration wae 
about 1,3%) • Thereafter, the carrier gas and the 
bubbling gas for an organic metal were changed to nitrogen 
gas, and the residual oxygen partial pressure of the gas 
inside the furnace was set to about 0.7 Torr (the residual 

10 oxygen concentration was about 0,1%), foxiowed by the 
remaining production steps aa above. Thus, completing 
the LED device. The LED device was measured using the 
SIMS. As a result, the Mg and hydrogen concentrations 
of the p-type contact layer 15 were about 7x10^' atoms/cm^ 

15 and about 2xl0" atome/cm^. The hydrogen concentration of 
the n-type contact layer 12 was about 3x10^' atoms/cm'. 
The initial characteristics of the LED device were as 
follows : the wavelength of emitted Xight was about 470 mn; 
the luminance was about 2.7 od; and the operating voltage 

20 was about 4.1 V, at a driving current of about 20 mA. The 
characteristics of the LED device after 1000 -hour aging 
were as follows i the wavelength of emitted light was about 
470 nm: the Ixaminance was about 2.4 cdj and the operating 
voltage was about 4.5 at a driving current of about 
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2 0 mA. Thus, a decrease in luminance and an increase in 
operating voltage were found in tiie LED device after 
1000-hour aging. Note that an increase in operating 
voltage means an increase in device resistance, since the 
driving current was fixed at about 20 mA. 

LED devices , each of which has a p- type layer grown 
under the same conditions as descrihed above and an n-type 
contact layer 12 Including a different concentration of 
hydrogen, were produced. When the n-type contact 
layer 12 has a hydrogen concentration of about 
Ixio"^' atoms/cm^ or more, the operating voltage of the LED 
device was increased immediately after the start of aging, 
and an increase in operating voltage and a decrease in 
luminance were found in the LED. device after looo-tiour 
aging. Therefore, the hydrogen concentration of the 
n-type contact layer 12 (the n-type layer) is preferably 
about Ixio" atoms/cm^ or less in order to realize a 
long-life LED device. 

As shown in Figure 1, the p-type contact layer 15 
of the LED device 1 is provided via the anti-evaporation 
layer 14 on the multiple quantum well structure active 
layer 13. The ant i- evaporation layer 14 includes Al 
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atoms. The Al atoms prevent tlie residual hydrogen atoms 
In the p-type contact layer 15 from being diffused Into 
the multiple quantum well structure active layer 13 , i.e., 
the Al atoms prevent deterioration of the multiple quantum 
well structure active layer 13 . Note that the thicltness 
of the anti-evaporation layer 14 (a layer Including Al) 
is preferably about 5 nm or more in order to sufficiently 
obtain such an effect. 

The composition of a well layer is not limited to 
Ino.asGaa.jsN, and may include Al. A typical composition of 
the well layer is represented by In^Ga^^.^.y^AlyN (where Osx, 
OsY, x+y<l). The composition of a barrier layer is not 
limited to GaN. A typical composition of the barrier 
layer is represented by In^Gaji^^^jAl^N (where Oass , Oa:t , 
s+t<l) . 

The substrate is not limited to sapphire (0001, 
i.e., C-plane ) . Alternatively, A-plane or M-plane 
sapphire may be employed. The substrate may be made of 
GaN, Sic, Si or 2nO. The crystal growth method is not 
limited to MOCVD. When the LED device of the present 
invention was produced by MBB, the LED device had a 
luminance profile similar to that as shown in Figure 3. 



- 26 - 



00R00651 



Thus, according to the present invention^ an LED 
devioe having a residual hydrogen aonaentratlon which Is 
appropriately controlled is achieved, without dependence 
on the crystal growth method used, and a long-life LED 
is realized. 

(Example a) 

An exemplary light emitting diode (LED) according 
to Example 2 of the present invention will be described 
below. The LED device includes a GaN substrate. 

Figure 6 is a cross- sectional view illustrating 
an LED device 601 according to Example 2 of the present 
invention. The LED device 601 was produced using the 
following procedure. 

A film of GaN: Si having a thickness of about 300 \m 
was grown on a sapphire substrate (0001-plane) using HVPE . 
Thereafter, the sapphire substrate was removed by 
polishing to obtain a GaN (OOOl-plane) substrate 40. An 
n-type GaN: Si contact layer 41 having a thickness of about 
1 fxm was grown at a substrate temperature of about 1100*^0 
by atmospheric pressure MOCVD. Up to this growth step. 
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both the carrier gas and the bubbling gas for an organic 
metal were hydrogen gas. 

Thereafter, the substrate temperature was 
lowered to about TSO^^'C. The carrier gas and the bubbling 
gas for an organic metal were changed to nitrogen gaa* 
A multiple quantum well structure active layer 42 was 
grown. In this case, the multiple quantum well 
structure active layer 42 is compound of four alternate 
layerlngs of an lno.35Gao.fi5N: Si (about 2 nm thioX) and a 
GaN:Si barrier layer (about 4 nm thick) - An Alo^iGao^^NiMg 
anti-evaporation layer 43 having a thiclcness of 20 nmwas 
grown at a temperature o£ about lOOO^C. Thereafter, the 
substrate temperature was increased to about 105 0°C, and 
a p-type GaN:Mg contact layer 44 having a thickness of 
about 0.3 |im was grown. After the above-described light 
emitting device structure had been provided on the GaN 
substrate 40, the substrate temperature was lowered while 
the carrier gas was still nitrogen gas, where the 
substrate temperature drop rate was set to about lO'^C/min. 

An n-type Ti/Al electrode 45 was formed on a 
bottom surface of the GaN (GaNiSi) substrate 40 and a 
p-type Au/Pd electrode 46 was formed on a top surface of 
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the p*type contact layer 44. 

The thus-constructed LED device 601 emitted 
light having a wavelength of about 470 nm with a luminance 
5 of about 3*3 cd at a driving current of about 20 mA- In 
this case, the operating voltage was about 3-1 V. 

The LED device 601 was subjected to a 1000-hour 
aging test at room temperature where a driving current 
10 was about 20 mA. As a result, there was substantially 
no change In the wavelength o£ emitted lights luminance 
and operating voltage even after 1000-hour aging* 

The Mg and hydrogen concentrations of the LED 
15 device 601 were measured using the SIMS. As a result, 
the Mg and hydrogen concentrations of the p-type contact 
layer 44 were about 9xlo" atoms /cm^ and about 
3x10" atoms/cm% respectively. The hydrogen 

concentration of the n-type contact layer 41 was less than 
20 or equal to about 1x10^* atoms/cm^ which is the limit of 
detection. When the Mg concentration of the p-type 
contact layer 44 was about 9x10" atoms/cm^, if the 
substrate temperature drop rate after the crystal growth 
was less than or equal to about ZS'^C/min, the hydrogen 
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concentration of the p-type contact layer 44 was less than 
or equal to about 4x10^" atoms /cta^. Such SiMS measurement 
was conducted using a wafer before the n-type electrode 4S 
and the p-type electrode 46 were formed. 

5 

For the puanjose of evaluating the Influence of the 
thickness of the active layer 42, On the life of an LED 
device, a variety of the led devices of the present 
invention were produced where the thickness of one well 
10 layer in the active layer 42 Is in the range of from about 
1 to about SO nm. 



An LED device of Comparative Example 1 was 
produced in the following way. After the growth of the 

15 active layer 42, the carrier gas and the bubbling gas for 
an organic metal were changed to hydrogen gas. An 
Alfl^^^Gao^pNsMg anti- evaporation layer 43 and a p-type 
contact layer 44 having a thickness of about o,3 \m were 
successively grown. After growing a complete device 

20 structure^ the substrate temperature was lowered where 
the carrier gas was still hydrogen gas, as in a 
conventional method. A variety of the LED devices of the 
Comparative Example 1 Were produced where the thickness 
of one well layer in the active layer 42 is in the range 
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of from about 1 to about 50 nm, 

Figure 7 shows the relative luminance of the LED 
deviaes of the Comparative Example 1 after 1000 -hour 
5 aging with reapeat to the thicXneas of one well layer in 
the active layer 42 • The relative luminance is 
represented by a relative value where the luminance at 
the initial period of the aging test le regarded as loo . 
As can be seen from Figure 7, when the thickness of one 

10 well layer in the active layer 42 was less than or equal 
to about 15 nm, the LED device of Comparative Example 1 
was considerably deteriorated. The SIMS analysis 
revealed that such deterioration was due to the diffusion 
of hydrogen and Mg atoms* In contrast, diffusion of in, 

15 hydrogen and Mg were not substantially found in the L£D 
device 601 o£ Example 2* On the other hand, for the 
devices of both Example 2 and Comparative Example 1 , when 
the thickness of one well layer in the active layer 42 
was greater than or equal to about 15 nm, the luminance 

20 was lowered after the 1000 -hour aging. The reason is that 
the Increased thickness of one well layer in the active 
layer 42 leads to lattice relaxation in the InGaN active 
layer/ thereby deteriorating the orystallinity of the 
active layer. 
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(Example 3) 

An exemplary laser diode (LD) according to 
Example 3 of the present Invention will be described 
5 below. 



Figure 8 is a cross-seotional view illustrating 
an LD device 801 according to Example 3 of the present 
invention. The LD device 801 was produced using the 
10 following procedure. 



On a sapphire substrate 20 {0001-plane) , a GaN 
buffer layer 21 was grown at a substrate temperature of 
about SSO"'C, and an n-type GaN £ Si contact layer 22 having 

15 a thickness of about 4 \m was grown at a substrate 
temperature of about llOO^C, by low pressure MOCVD of about 
76 Torr. Thereafter, an ino.psGaa.jsNsSi anti-crack 
layer 23 having a thickness of about 50 nm was grown at 
a substrate temperature of about soo^'c* Thereafter, the 

20 substrate temperature was increased to about llOO^C again « 
and an n-type Alo«i^5ao,,Nj SI cladding layer 24 having a 
thickness of about 0.5 |uim and an n-type GaNiSi guide 
layer 25 having a thickness of about 0^1 \m were 
successively grown. Up to the growth step, both the 
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carrier gas and the bubbling gas for an organic metal were 
hydrogen gas. 

Thereafter, the substrate temperature was 
5 lowered to about 760**C, and the carrier gas and the 
bubbling gas for an organic metal were changed to nitrogen 
ga<5. An Ina^osGao.jsNsSi layer having a thickness of about 
4 nm was grown under a condition where the oxygen (O2) 
partial pressure of the gas inside the reaction furnace 

10 was about 0*2 Torr (the oxygen concentration was about 
0.3%). Thereafter, a multiple quantum well structure 
active layer 26 composed of five alternate layerings of 
an Ina.iaGaft.BfiNtSi well layer (about 2 nm thick) and an 
Ino.osGao.ssNrSi barrier layer (about 4 nm thick) was grown. 

15 At substantially the same temperature, an Al^^^Gao^jNiMg 
anti-evaporation layer 27 having a thlckneae of about 
10 nm was grown. 

Thereafter^ a p-type GaN:Mg guide layer 28 having 
20 a thickneas of about 0*1 fjun, a p-type AlQ,iGao^5N;Mg 
cladding layer 29 having a thickness of about 0.5 nm, and 
a p-type GaNiMg contact layer 30 having a thickness of 
about 0,3 im were grown at a substrate temperature of 
about llOO'^C where the carrier gas and the bubbling gas 
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for an organic metal were still nitrogen gas. Thus, the 
step of forming the p-type layer (including the p-type 
GaNjMg guide layer 28, the p-type Alo,iGao,5NtMg cladding 
layer 29, and the p-type GaN:Mg contact layer 30) 
5 included growing a nitride semiconductor material in an 
atmosphere not containing hydrogen gas at a low pressure 
of about 76 Torr while keeping the substrate temperature 
at about lloo'^C (first growth temperature) • Note that the 
carrier gas and the bubbling gas for the organic metal 
10 may be an inert gas of argon, helium, or the like, other 
than hydrogen. 



After the above -de scribed light emitting device 
structure had been provided on the sapphire substrate 20 , 

15 the substrate temperature was lowered without 
introduction of hydrogen gas into the reaction furnace* 
Thus, after the production of the p-type layer (including 
the p-type GaNtMg guide layer 28, the p-type Alo.iGap.jNtMg 
cladding layer 29, and the p-type GaNtMg contact 

20 layer 30), the temperature of the sapphire substrate 20 
was lowered from about 1100*C to room temperature in an 
atmosphere not containing hydrogen gas at a low pressure 
of about 76 Torr, However, the sapphire substrate 20 was 
not necessarily cooled to room temperature in the 



- 34 - 



00R00551 



atmosphere not containing hydrogen gas at a low pressure 
of about 76 Torr. The ambience may contain hydrogen gas 
after the substrate temperature Is lov/ered to about 400*C. ^ 

5 The wafer having the grown device structure was 

split into two pieces. On^ piece of the wafer was 
subjected to etching so that part of the n-type contact 
layer 22 was exposed where the exposed region was in the 
form of a strip having a width of about 200 [im. A p- 
10 type Au/Pd electrode 32 was formed in the form of a strip 
having a thickness of about 2 jjim on a surface of the p-type 
contact layer 30, An n-type Ti/Al electrode 31 was 
formed on a surface of the n-type contact layer 22. 

15 The LD device 801 performed CW oscillation 

(continuous wave operation) at room temperature where a 
threshold current was about 25 mA and a threshold voltage 
was about 5.1 V* 

20 As Shown in Figure 6, the LD device soi 

(semiconductor light emitting device) of the present 
Invention includes $ a sapphire substrate 20 (substrate) ? 
an n-type layer (including the n-type contact layer 22, 
the n-type cladding layer 24 and the n-type guide 
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layer 25) made of a semiconductor material and 
euoceeisively provided via a buffer layer 21 on the 
sapphire substrate 20; a multiple quantum well structure 
active layer 26 provided on the n-type la,yer; and a p-type 
5 layer (including the p-type guide layer 28, the p- type 
cladding layer 29 and the p-type contact layer 30) made 
of a semiconductor material and successively provided via 
the anti-' evaporation layer 27 on the multiple quantum 
well structure active layer 26. 

10 

Although the LD element 801 of Figure a includes 
the anti-craoK layer 23, such a structure is not essential 
for laser oscillation. In Example 4 descrlhed later, an 
IiD device not including an anti-crack layer will be 
15 described. 

The hydrogen and Mg concentrations of the ld 
device 801 were measured using the SIMS. Note that such 
a SIMS measurement was conducted for the other piece of 
20 the split wafer. 

All layers of the p-type layer, i*e, the p-type 
guide layer 28, the p-type cladding layer 29 and the 
p-type contact layer 30, each have a hydrogen 
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concentration o£ about 3x10^* atoms/cm^ and a Mg 
concentration of about 9xlo^^ atoms/cm'. 

By the same principle as described in Example 1, 
5 the hydrogen Goncentration of the p-type layer can be 
controlled by adjusting the oxygen concentration of the 
gas inside the reaction furnace upon formation of the 
p-type layer • Alternatively, in place of or in addition 
to adjusting only the oxygen concentration, the hydrogen 

10 concentration of the p-type layer may be controlled by 
adjusting the concentration of at least one of bromine, 
chloride, ozone, 00^ COa, No and NO, in the gas inside the 
reaction furnace in combination with the concentration 
of oxygen. In Example 3, the Oj concentration of the gas 

15 inside the reaction furnace was about 0,3%, It was found 
that if the oxygen partial pressure percentage of the 
total pressure of the gas inside the reaction furnace is 
greater than or equal to about 0-00001% and less than or 
equal to about 1%, the hydrogen concentration of the 

20 p-type layer (including the p-type guide layer 28, the 
p-type cladding layer 29 and the p-type contact layer 30) 
is lese than or equal to 4xio^® atoms/cm^. 

As Comparative Example 1, an LD device was 
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produced Using the same growth procedure as described 
above except that the p-type . layer C including the p-type 
guide layer 28, the p-type cladding layer 29 and tile 
p-type contact layer 30) was grown where the carrier gas 
5 was hydrogen, and the resultant structure was subjected 
to annealing for about 20 minutes at atjout 80 0°c in an 
atmosphere having a nitrogen concentration of about 100%. 
The LD device of Comparative Example 1 was found to 
perform CW oscillation at room temperature where a 
10 threshold current was about 30 mA and a threshold voltage 
was about 5.7 V. Note that the hydrogen concentration 
of the p-type layer In the LD device of Comparative 
Example 1 after the annealing was measured using the SIMS 
and the result was about 2xlo^* atoms/cm^, 

15 

An LD device of Comparative Example 2 was produced. 
The LD of Comparative Example 2 had the same structure 
as that of the LD device 601 of Example 3 except that the 
p-type layer (including the p-type guide layer 28, the 
20 p-type cladding layer 29 and the p-type contact layer 30) 
had a hydrogen concentration of less than or equal to about 
8x10^® atoms/cm^ which is the limit of detection • The LD 
device o£ Comparative Example 2 was produced using the 
same procedure as that for the LD device of Example 3, 
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The LD deviae of Comparative Example 2 performed CW 
oscillation at room temperature where a threshold current 
was about 30 mA and a threshold voltage was about 6*9 V. 
Thus, the I,D device of Comparative Example 2 had a 
5 threshold voltage higher than that of the LD device 801 
of Example 3 and that of the LD device of Comparative 
Example 1. 

Further, an LD device was produced in which the 
10 active layer 26 was composed of a single Ino^i^Gao^asNs Si 
layer ( about 2 nm thick ) . Such an LD device did not 
generate laser oscillation when the carrier gas was 
hydrogen as well as when the carrier gas was nitrogen. 

15 The LD devices of Example 3 and Comparative 

Examples 1 and 2 were subjected to an aging test. 

Figure 9 shows a variation in a threshold current 
with respect to aging time. An increase in threshold 
20 current means deterioration of an LD device . It was found 
that the LD device 801 could perform CW oscillation after 
8000-hour aging. The LD device of Comparative Example i 
including the p-type layer having a hydrogen 
concentration of about 2x10'* atoms/cm^ was deteriorated 
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after 10-hour aging* The LD device of Comparative 
Example 2 including the p-typa layer having a hydrogen 
aonoentration of about 8xl0" atoms/om^ or less was 
deteriorated after 150 -hour aging. Thus, the LD 
5 device 801 of Example 3 is a long life LD device 
(semiconductor light emitting device)- 

Figure 10 shows the life of the LD device 801 with 
respect to the hydrogen concentration of the p-type 

10 contact layer 30, The p-type electrode 32 was made of 
Au/Pd, Au/Pt or Au/Ni. The n-type electrode 31 was made 
of Ti/Al. In Figure 10, an LD device which was not 
deteriorated after 80 00 -hour aging is represented by an 
LD device having a life of 8000 hours. This is because 

15 at least 8000 hours had passed after the start of aging 
at the time of the measurement shown in Figure 10. An 
LD device having a life of about 5000 hours or more is 
regarded as a non-defective product. In Figure 10, a 
life of 5000 hours is represented by a broken line. 

20 

As can be seen from Figure 10, the material for 
the p-type electrode 32 has a great influence on the life 
of the LD device. When Au/Pd is used as the material for 
the p-type electrode 32, if the hydrogen concentration 
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of the p-type contact layer 30 is greater than or equal 
to about 1x10^*^ atoms/cm^ and less than or equal to about 
1x10^* atoms/cm^ , an LD device having a life of 5000 hours 
or more can be obtained. When Au/Ni is used as the 
5 material for the p-type electrode 32, if the hydrogen 
concentration of the p-type contact layer 30 is greater 
than or equal to about 3x10^* atoms /om^ and less than or 
equal to about 6x10^® atoms/cm^, an LD device having a life 
of 5000 hours or more can be obtained. When Au/Pt is used 

10 as the material for the p-type electrode 32, if the 
hydrogen concentration of the p-type contact layer 30 is 
greater than or equal to about 4x10" atoms/cm^ and less 
than or equal to about Sxio^* atoms/cm^ , an LD device having 
a life of 5000 hours or more can be obtained* In the LD 

15 devices subjected to the aging test deeerlbed with 
reference to Figure 10, the range of hydrogen 
concentration of the p-type cladding layer 29 was greater 
than or equal to about BxlO^* atoms/cm^ and less than or 
equal to about 3x10^' atoms /cm^ which is the same range 

20 as in the p-type contact layer 30* 

As can be seen from Figure lo, the hydrogen 
concentration of the p-type layer is preferably greater 
than or equal to about IxlO^* atoms/cm' and less than or 
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equal to about 1x10^' atoms/cm' in order to realize a 
long-life LD device. The Mg concentration of the p-type 
layer is preferably greater tlian or equal to about 
4x10" atome/om^ and less than or equal to about 
5 Ixio" atoms/cm'* As the Mg concentration of the p-type 
layer increases, the hydrogen concentration of the p- 
type layer also increaaea, which is not preferable. It 
is believed that the reason the life of the LD device is 
reduced when the hydrogen concentration is lower than the 
10 above-*described preferable range, is that the p-type 
layer having an extremely low hydrogen concentration is 
highly resistant and therefore an operating voltage is 
increased. 

15 Note that it is not essential that the three layers 

included in the p-type layer (i.e., the p-type GaNrMg 
guide layer 28 , the p-type Alo.iGao.»N sMg cladding layer 29 , 
and the p-type GaN$Mg contact layer 30) have the same 
hydrogen concentration. If the three layers have a 

20 hydrogen concentration in a preferable range, a long- 
life semiconductor light emitting device is achieved. 

As can be seen from Figure 10, the p-type 
electrode 32 is preferably made o£ Au/Pd« This is due 
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to the same principle as described above in terms o£ the 
p-type electrode 17 in Example X* Specif ioally/ if the 
p-type electrode 32 includes a hydrogen storage metal, 
the p-type electrode 32 can absorb the residual hydrogen 
5 atoms. The p-type electrode 32 may have a multi-layer 
structure including a hydrogen storage metal. 
Alternatively, the p-type electrode 32 may be made of an 
intermetalllc compound including a hydrogen storage 
metal* 

10 

Further, the life of an LD device was evaluated 
with respect to the hydrogen concentration of the p-type 
cladding layer 29, The resultant profile is similar to 
that shown in Figure 10. When Au/Pd is used as the 

15 material for the p-type electrode 32^ if the hydrogen 
concentration of the p-type cladding layer 29 is greater 
than or equal to about 1x10^* atoms/cm^ and less than or 
equal to about 1x1 atoms /cm^, an LD device having a life 
of 5000 hours or more can be obtained. When Au/Ni Is used 

20 as the material for the p-type electrode 32, if the 
hydrogen concentration of the p-type cladding layer 29 
is greater than or equal to about 3x10" atoms/cm^ and less 
than or equal to about 6xlo^° atoms/cm^, an LD device having 
a life o£ 5000 hours or more can be obtained. When Au/Pt 



- 43 - 



00ROO651 



is used as the material for the p-tjfpe electrode 32, if 
the hydrogen conoent ration of the p-typa cladding 
layer 29 is greater than or equal to about 4x10^* atoms/cm^ 
and less than or equal to about 5x10^® atoms /cm^^ an LD 
5 device having a life of 5 000 hours or more can be obtained. 



The hydrogen aonoentratlon of the n-type layer 
(including the n-type contact layer 22, the n-type 
cladding layer 24 and the n-type guide layer 25) has an 
10 influence on the life of the LD device 801* The hydrogen 
concentration of the n-type layer is preferably less than 
or equal to about 1x10^^ atoms/cm^. 



As shown in Figure 8, the p-type layer of the LD 
15 device 801 is provided via the anti-evaporation layer 27 
on the multiple quantum well structure active layer 26. 
The anti-evaporation layer 27 includes Al atoms* The Al 
atoms prevent the residual hydrogen atoms in the p-type 
layer from being diffused into the multiple quantum well 
20 structure active layer 26, i.e., the Al atoms prevent 
deterioration of the multiple quantum well structure 
active layer 26, Note that the thicHness of the 
anti-evaporation layer 27 (including Al) IB preferably 
about 5 nm or more in order to sufficiently obtain such 
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an effect . 

The composition of a well layer is not limited to 
ino^isGao^ggN and the well layer may include Al. A typical 
S composition of the well layer ie represented by 
In^Ga^3^_^_yjAlyN (where Osx, O^y, x+y<l). The composition 
of a barrier layer is not limited to Inu^ojGao^jjN- A typical 
aompoattion of the barrier layer is represented by 
In^Ga^i.^.tvAltN (where 0«s, Qst, s+t<l)* 

XO 

In the LD device 801 of Example 3, the cladding 
layers (i.e., the n-type cladding layer 24 and the p- 
type Gladding layer 29) are made of Alo^L^ao^^N- The molar 
ratio of Al is not limited to 0.1. The cladding layers 

15 may be made of a mixed crystal AlGainN, or alternatively, 
a super- lattice structure, such as AlGaN/GaN, AlGaN/AlGaN, 
AlGalnN/AlGainN, . or AlGalnN/GaN. Similar to the 
anti -evaporation layer 27 containing Al, the p-type 
Gladding layer 29. containing Al can prevent the residual 

20 hydrogen atoms in the p-type contact layer 30 from being 
diffused into the multiple quantum well structure active 
layer 26. Further, the n-type cladding layer 24 
containing Al can prevent the residual hydrogen atoms in 
the n-type contact layer 22 from being diffused into the 
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multiple quantum well structure active layer 26* 

Figure 11 shows the life of the LD devlae 801 with 
respect to the Mg concentration of the p-type layer- The 
p-type electrode 32 Was made of Au/Pd. If the Mg 
oonoentration of the p-type layer is greater than or equal 
to about 2xlo" atoms /cm.^ and less than or equal to about 
2x10'^ atoms /cm', the hydrogen concentration of the p- 
type layer is greater than or equal to about 
IxlO" atoms/cm^ and less than or equal to about 
3x1 atoms/cm^. As can be seen from Figure 11, If the 
Mg concentration of the p-type layer is greater than or 
equal to about 4x10^* atoms/cm^ and less than or equal to 
about 1x10^^ atoms/cm', an LD device having a life of 
5000 hours or more can be obtained. 

{ Example 4 ) 

An exemplary LD device according to Example 4 of 
the present invention will be described below. The LD 
device includes a GaN substrate. 

Figure 12 is a cross-' sectional view illustrating 
an LD device 1201 according to Example 4 of the present 
invention. The LD device 1201 was produced using the 
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following procedure. 

A film of GaN:Si having a thlokness of about 300 fim 
was grown on a sapphire substrate (OOOl-plane) using HVPE. 
Thereafter, the sapphire substrate was removed by 
polishing to obtain a GaN (OOOl-plane) substrate 50. An 
n-type GaN: Si contact layer 51 having a thickness of about 
0.8 nm and an n- type Alo.i6ao,»N: Si cladding layer 52 having 
a thickness of about 0.5 \im was successively grown at a 
substrate temperature of about 1100°C. An n-type GaN s Si 
guide layer 53 having a thickness of about 0.1 fAin was 
grown. Up to this growth step, both the carrier gas and 
the bubbling gas for an organic metal were hydrogen gas. 

Thereafter, the carrier gas and the bubbling gas 
for an organic metal were changed to nitrogen gas, and 
the substrate temperature was lowered to about TSO^C. A 
multiple quantum well structure active layer 54 was grown . 
In this case, the multiple quantum well structure active 
layer 54 Is composed of three alternate layerings of an 
lno.15Gao.e5Ns SI well layer (about 2 nni thick) and an 
Ine.«sGao.„NsSl barrier layer (about 4 nm thick). An 
Alfl.iGao.jNsMg anti-evaporation layer 55 having a 
thickness of 10 nm was grown at the same temperature. 
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Thereafter, a p-type OaNsMg guide layer 56 having 
a thickness of about 0*1 fJiin, a p-type Alo.iGao.gNsMg 
cladding layer 57 having a thickness of about O.S \m, and 
S a p-type GaNsMg contact layer 58 having a thickness of 
about 0.3 (xm were successively grown at a substrate 
temperature of about 1050°C where the carrier gas and the 
bubbling gas for an organic metal were still nitrogen gas. 
In this oase^ the oxygen concentration of the gas inside 
10 the reaction furnace was about 0.08%. 

Thereafter, the wafer having the grown device 
structure was subjected to etching so that part of the 
n-type contact layer 51 was exposed Where the exposed 

15 region was in the form of a strip having a width of about 
200 |*m. A p-type Au/Pd electrode 60 was formed in the 
form of a strip having a thickness of about 5 jun on a 
surface of the p-type contact layer 58, An n-type Ti/Al 
electrode 61 was formed on a bottom surface of the n- 

20 type GaNsSi substrate 50. 

The thus -constructed LD device 1201 performed CW 
oscillation at room temperature where a threshold current 
was about 20 mA and a threshold voltage was about 5.0 V- 
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The LD device was subjected to aging at room temperature 
where a driving current was about 3 5 mA. As a result, 
there was substantially no change in threshold current 
and threshold voltage even after 1000-hour aging. 
5 Thereby^ a long-life LD device is achieved » 

As described above, the present invention 
provides a long-life semiconductor light emitting device 
(an LED device or an LD device), without dependence on 
10 the materials used for the substrate and the crystal 
growth methods. 

According to the present invention, the hydrogen 
concentration of the p-type layer in a semiconductor light 
15 emitting device is greater than or equal to about 
1x10^* atoms/cm^ and less than or equal to about 
1x10^* at cms / cm', 



Thereby, hydrogen atoms in the p-type layer are 
20 prevented from being diffused into a multiple quantum well 
structure active layer, thereby suppressing 
deterioration of the multiple quantum well structure 
active layer. Therefore, a long-life semiconductor 
light emitting device is achieved- 
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Various other modifications will be apparent to 
and can be readily made by those skilled in the art without 
departing froin the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 



